A modified Delphi process assessed current multiple sclerosis (MS) practice patterns for secondary and primary progressive MS (secondary progressive MS [SPMS] and primary progressive MS [PPMS]). In early 2011, 2 sequential, case-based surveys were administered to 75 US MS specialists to assess treatment practices and patient management. Respondents were from geographically diverse US academic (42%) and community (58%) treatment centers. There was consensus (Ն75% agreement in responses) to switch diseasemodifying therapies for a patient with SPMS with both MRI activity and disability progression (95%), but no consensus on treatment selection. For PPMS, responses supported diagnosis using spinal MRI (100%) and lumbar puncture (75%) and treatment initiation in patients with brain gadolinium-enhancing lesions with or without spinal cord lesions (85%); however, there was no consensus on treatment initiation with spinal cord lesions alone or initial therapy. The lack of agreement among US MS experts on the best treatment approaches for SPMS or PPMS highlights the need for effective therapies.
M ultiple sclerosis (MS) is one of the most common neurologic disorders in young adults, but its clinical course is unpredictable and highly variable among individual patients. 1 Approximately 80%-90% of patients with MS initially develop relapsing-remitting MS (RRMS). 2 Over approximately 10 years, an estimated 50% of untreated patients with RRMS will experience progressive neuronal damage, worsening of symptoms, a decline in both physical and cognitive abilities, and recategorization of their disease as secondary progressive MS (SPMS). 3 Approximately 15% of patients with MS experience primary progressive MS (PPMS), 2 which is characterized by few or no brain MS lesions and evidence of spinal atrophy in the absence of relapses. 4 Progressive MS disease courses are associated with a worse prognosis and decreased patient survival compared with other forms of MS. 5 There is currently no class I evidence for initiating treatment for patients with SPMS or PPMS. 5, 6 Indeed, limited evidence exists in any form for effective treatment of SPMS or PPMS.
Until recently, only interferon-␤ (IFN␤) preparations, glatiramer acetate (GA), and mitoxantrone were available as US Food and Drug Administration (FDA)-approved disease-modifying therapies (DMTs) for MS. Although one study reported IFN␤ reducing SPMS relapse incidence and slowing disease progression, 7 most trials and meta-analyses of reported trial data have concluded that IFN␤ therapies have either minimal or no efficacy in preventing disability progression in SPMS or PPMS. 8, 9 Additional DMTs introduced in recent years 10 -12 and MS therapeutics in development 13 may hold promise for patients with progressive MS, but clinical trial data are lacking. In the absence of sufficient clinical trial data, widely held opinion drawn from a survey of experts in the field can help guide patient care. A modified Delphi process was used to obtain MS expert consensus opinions on the diagnosis, treatment, and management of MS based on individual clinical experience with FDA-approved MS therapies at the time the surveys were administered. This report describes current US approaches to the treatment of SPMS and PPMS.
METHODS
Survey participants were MS experts identified from the Consortium of Multiple Sclerosis Centers (CMSC) list of 207 MS treatment centers in the United States. Participants were self-selected based on willingness to complete the surveys. All survey responses were deidentified prior to data analyses, and no individual responses were known to the Steering Committee (O.K., A.E.M., C.T., and J.T.P.).
A modified Delphi process was used to assess the current practice patterns of study respondents in the diagnosis and treatment of MS in the United States. The 2 serial, case-based surveys contained questions designed by the Steering Committee to determine the influence and use of various diagnostic and clinical parameters in clinical decisions pertaining to DMT initiation, switching, and choice (table 1) . Both surveys were Web-based, with access through a secure e-mail link. Survey results for SPMS and PPMS are presented below, while data for CIS, RRMS, and RIS are presented in a separate article on pages 48 -57 of this issue. These surveys were developed independent of any input from the CMSC, and they were distributed 4 months after FDA approval of fingolimod for US marketing and prior to publication of the 2010 revised MS diagnostic criteria. 14 For this study, consensus among respondents was defined a priori by the Steering Committee as at least 75% agreement. The Steering Committee also differentiated among consensus (Ն75%), unanimous (100%), and majority (Ն50%) opinion. In the current study, 83% of survey respondents also considered 75% agreement a realistic and practical threshold for consensus. Results were compiled separately for all respondents to each survey, and summary statistics were generated using Microsoft Excel. No formal statistical analyses were performed.
Detailed methods are provided in appendix e-1 at neurology.org/cp.
RESULTS
Respondents came from both academic (42%) and community (58%) MS treatment centers and represented a diverse range of US geographic regions and communities (figure e-1). Seventy-five individuals completed the first survey, and 71 of those also completed the second survey.
Practice patterns for SPMS Case: A 48-year-old woman with MS on a DMT for 14 years has progressively lost mobility independent of clinical relapses (cane-dependent for last 3 years; last attack 4 years ago). A repeat MRI shows 5 new brain T2 lesions compared with an MRI 12 months earlier, and she reports slowly worsening cognitive and ambulatory problems.
There was consensus (95%) among respondents to switch therapy for a patient with SPMS with both MRI activity and gradual progression. When asked which DMT was the respondent's preferred treatment option when switching from an IFN␤ or GA, and assuming that the patient had been treated with only one therapy, the majority (55%-63%) of respondents selected natalizumab as an alternate therapy (table 2). "Other" therapy choices (open response) included switching to a chemotherapy drug such as mitoxantrone, cyclophosphamide, or the anti-CD20 antibody rituximab, or the use of an immunosuppressant drug such as mycophenolate or methylprednisolone.
The majority of respondents (60%) stated that clinical evidence of disability progression, such as changes in cognition, ambulation, gait, vision, bladder function, bowel function, and ability to complete activities of daily living, was sufficient evidence of treatment failure to prompt a DMT switch. There was consensus (87%) among respondents that breakthrough disease in the form of relapses and MRI activity should not be treated differently in SPMS vs RRMS. In open responses, comprehensive patient care was emphasized for SPMS, with symptomatic management through targeted physical therapy, dalfampridine for gait difficulties, and baclofen or tizanidine for spasticity. Fingolimod 4 (5.6) 7 (9.9) 7 (9.9) 5 (7.0) Other 7 (9.9) 7 (9.9) 7 (9.9) 7 (9.9)
Abbreviations: GA ϭ glatiramer acetate; IFN␤ ϭ interferon-␤; IM ϭ intramuscular; SC ϭ subcutaneous; SPMS ϭ secondary progressive multiple sclerosis.
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Practice patterns for PPMS
Case: A 49-year-old man presents with progressive gait problems over the prior 18 months. A brain MRI reveals lesions consistent with MS, and he is diagnosed with PPMS. The patient is treatment naive.
Respondents unanimously favored performing a spinal MRI to confirm the patient's diagnosis, and 75% would perform a lumbar puncture (LP) as well. If the spinal cord MRI results and the CSF were consistent with MS, the majority (56%) of respondents would initiate treatment with a DMT. Initial treatment preferences (table 3, left column) were highly variable and included other therapies such as mitoxantrone, rituximab, cyclophosphamide, mycophenolate, and methylprednisolone.
Follow-up question: If you would not initiate therapy, would you perform a follow-up MRI?
Among the respondents who would not initiate therapy based on this case scenario, the majority (57%) would not perform a follow-up MRI. Respondents who would perform a follow-up MRI listed 3-6 months (25%), 6 -12 months (40%), or 12-18 months (35%) as preferred time frames for re-evaluation of this aspect of disease activity.
Follow-up question: Would the presence of one or more Gdϩ brain and/or spinal cord lesions in this patient influence your decision to initiate treatment with a DMT for this patient?
There was consensus (85%) to initiate treatment with a DMT if gadolinium-enhanced (Gdϩ) lesions were detected on the initial MRI. However, as with T2 lesions, there was no consensus on initial therapy choice (table 3, right column). Responses under the "other" category again listed chemotherapy or immunosuppressant drugs as preferred initial therapies.
DISCUSSION
Approximately 50% of patients with RRMS will eventually develop SPMS, characterized by increasing, persistent disability progression and infrequent or no new clinical attacks (SPMS). 3 The timing and severity of transition to SPMS is highly variable, resulting in difficulties with both accurate long-term prognosis and effective intervention. 1 Likewise, the gradual progression of disability without superimposed relapses experienced by patients with PPMS can be challenging to diagnose and also difficult to treat with currently available therapies. Indeed, none of the currently available DMTs has demonstrated any consistent benefit or clinical advantage in patients with SPMS or PPMS. The prognosis for patients with PPMS is highly variable, but life expectancy after diagnose has been estimated at 25 years. 1 Optic neuritis, brainstem dysfunction, incomplete transverse myelitis, and difficulties with gait and coordina- tion have been associated with worse disease outcomes, 1,15 although a meta-analysis found that optic neuritis at presentation was not a consistent predictor of patient prognosis. 16 
SPMS
The SPMS case presented described a patient on a DMT initially for RRMS who develops gradual disability progression over an extended time frame and MRI evidence of new T2 lesions. There was consensus among the survey respondents to change the patient's MS treatment. Currently no class I evidence indicates a clinical benefit for either initiating approved DMTs in SPMS or switching MS therapies with ongoing disability progression in SPMS.
Although the introduction and widespread use of the first-line MS therapies IFN␤ and GA have had a large positive impact on MS care, they have proven markedly less effective in treating progressive forms of MS. A recent analysis of published data 17 showed that in clinical trials, IFN␤ consistently reduced SPMS patient relapse rates and accumulation of new MRI lesions, but results were conflicting for time to disability progression. Current evidence suggests that IFN␤ therapy may be more effective in the early stages of SPMS, characterized by relapsing episodes and MRI evidence of greater brain lesion disease activity. 9, 17 There are currently no data supporting the use of GA in the treatment of patients with SPMS. 17, 18 MRI is a useful, reliable tool for monitoring disease activity in RRMS. However, the number of T2 and Gdϩ lesions increases more rapidly in RRMS than in SPMS, with weaker correlations between MRI lesions and disability in the later disease stages. 19 The application of MRI to MS diagnosis and monitoring has evolved 20 and now includes newer MRI measures of T1 hypointense lesions ("black holes"), brain atrophy, and composite scale scores that incorporate the results of different MRI lesion and atrophy measures. e1,e2 Ongoing improvements in MRI methodologies may yield MRI endpoints with high specificity and sensitivity for use as noninvasive clinical correlates predictive of patient risk for MS progression.
To assess the importance of ongoing disability progression in SPMS treatment decisions, survey respondents were asked whether clinical evidence of disability progression, such as changes in cognition, ambulation, gait, paresis, vision, bladder function, bowel function, or ability to complete activities of daily living, was sufficient evidence of treatment failure to prompt a DMT switch. The majority of respondents (60%) responded affirmatively, with changes in cognition, ambulation, and gait most often cited as important indicators of insufficient treatment efficacy and the need to switch MS therapies.
The majority of survey respondents who would switch therapies for a patient who developed SPMS with ongoing disability progression and new MRI T2 lesions selected natalizumab as the new therapy, with a minority of respondents selecting fingolimod or mitoxantrone. Natalizumab has been shown to be effective in reducing RRMS-associated relapses and disability progression, particularly in patients with aggressive disease. e3 It was also recently reported to reduce relapses in patients with SPMS, although there was no significant change in mean patient Expanded Disability Status Scale score, a measure of disability progression. e3 Although natalizumab has provided a highly effective treatment option, it also carries the risk of development of progressive multifocal leukoencephalopathy (PML), a rare, potentially lethal viral infection. e4 Natalizumab efficacy in reducing disability progression in approximately 856 subjects with SPMS and disease progression independent of relapses is currently being evaluated in an ongoing phase 3b, multicenter, international, randomized, double-blind, placebo-controlled trial (ClinicalTrials.gov identifier: NCT01416181).
The timing and severity of transition to SPMS is highly variable, resulting in difficulties with both accurate long-term prognosis and effective intervention.
The sphingosine-1-phosphate receptor modulator fingolimod, which was approved in September 2010 in the United States for the treatment of RRMS, was selected as a switching therapy by a minority of respondents. It is important to note that the current surveys were administered in January and February 2011, shortly after fingolimod marketing approval, which likely influenced participant responses pertaining to treatment preferences. Based on its ability to inhibit the migration of dendritic cells, e5 which are thought to play a promotional role in disability progression during progressive forms of MS, fingolimod could theoretically be beneficial in slowing disability progression in SPMS.
The chemotherapeutic drug mitoxantrone is approved in the United States for treating patients with SPMS and has been shown to slow MS disease progression in this population, e6 although its use is limited by potential risks such as cardiotoxicity and leukemia. 6,e6,e7 A dose-reduced, long-term mitoxantrone regimen may represent a feasible alternative treatment for patients without any other therapeutic options. e8 However, the lifetime limit for total mitoxantrone dose should be considered when planning long-term disease management.
A number of approved and investigational drugs are currently undergoing clinical evaluation for efficacy in SPMS 5 and are not reviewed here. The majority of current MS therapies target the inflammatory components of MS pathophysiology, which are dominant during early disease but may not be appropriate therapeutic targets for slowing or stopping disability progression. A greater understanding of MS neurodegenerative processes may facilitate the selection of appropriately targeted therapies.
PPMS
Patients with PPMS continue to present a special clinical challenge for neurologists. For the PPMS case, there was consensus among the survey respondents to perform a spinal cord MRI and LP, presumably to confirm the initial diagnosis. As presented, the patient's symptoms and diagnostic evaluations are in line with the current McDonald MS diagnostic criteria. 14 If the spinal cord MRI results and CSF were consistent with MS, a majority of respondents would initiate treatment with a DMT, but there was no consensus on this point. Treatment choices were highly variable, with no one therapy being selected by the majority of respondents in any of case scenarios presented.
This lack of consensus likely reflects the lack of effective therapies for this form of MS. 4 Evaluations of immunomodulatory and immunosuppressive drugs for the treatment of PPMS have all yielded disappointing results. Indeed, although the immunomodulatory drugs IFN␤ e9-e11 and GA e12 and the immunosuppressive drugs mitoxantrone, e13 rixutimab, e14 and cladribine e15 have showed some individual patient benefit, each of these drugs has been ineffective in reducing disability progression in the majority of patients with PPMS. Given these results, it was noteworthy that the majority of respondents would still initiate a DMT. Ongoing clinical trials 5 of established and novel therapies for the treatment of PPMS may yet demonstrate positive patient outcomes.
The findings presented herein reflect current MS practice patterns for SPMS and PPMS according to US-based survey respondents. These findings may not be applicable in other countries on the basis of potential treatment access limitations, for example, limitations due to reimbursement restrictions in public payor programs. It has been well-documented that there is widespread variation in clinical practice. e16 The intent of this survey was to both highlight current points of consensus and note where further scientific and evidence-based data are needed. The lack of agreement among US MS experts on the best treatment approaches for SPMS or PPMS clearly highlights the need for effective therapies.
This study sought to gain an understanding of the current diagnostic and treatment practices of MS specialists at US MS treatment centers. Table 4 provides a summary of the points of clear consensus among the survey participants on the treatment of SPMS and PPMS. With the evolving MS treatment landscape and the rapid evolution of diagnostic and prognostic indicators for this disease, there may be utility in periodically reassessing real-world clinical practice to better understand and to improve patient care. 
